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SUBSTANCES AND THEIR USES 



The present invention relates inter aha to molecules capable of binding with human 
IL-13 and/or human IL-4. 

IL4 and IL13 are related cytokines that show a significant sequence identity [1,2] 
and share numerous biological activities. Both have been shown to be important 
in the induction of IgE and IgG4 synthesis in human B cells [3-6] and the 
differentiation of Th cells into a Th2 phenotype [8,11]. Among the events leading 
to IgE synthesis by B cells, induction of germline e RNA transcription, which 
precedes the class switching to the corresponding H chain C region, has been 
shown to be triggered by IL4 and IL13 [6,9,10]. Th cells can be subdivided into 
two major subtypes according to their cytokine production capacities [11]. The 
major distinction between the two phenotypes are the capacity of Thl cells to 
secrete IFN 7 and Th2 cells to produce IL4 and Hi [11]. Th2 cells are thought to 
be implicated in the development of atopy, allergy and some forms of asthma 
[12,13]. The differentiation of Th cells into the Th2 phenotype can be induced by 
IL4 [11]. IL13 was first considered as to be inactive on T cells [2] . However it has 
been shown recently to induce the differentiation of murine Th ceils into the Th2 
phenotype [8]. 

In addition to their effects on lymphocytes, IL4 and IL13 share the ability to 
inhibit the production of inflammatory cytokines by macrophages [1,2] and to up- 
regulate the expression of the vascular cell adhesion molecule-1 (VCAM-1) on 
endothelial cells [16,17,18] leading to adhesion and trans-endothelial migration of 
very late antigen 4 (VLA-4) expressing leukocytes [19]. This provides a basis for 
selective extravasation of eosinophils, the hallmark of the inflammatory pathology 
seen in allergy and asthma [20.58,59]. 
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These two cytokines activate common cytokine receptor signaling pathways 
involving 4PS/ERS-1 [21-25] and the signal transducer and activator of 
transcription 6 (STAT-6; ref. 26-28). In the murine system, inactivation of 
STAT-6 has been demonstrated to affect both IL4 and IL13 signaling and to block 
5 IL4 and IL13-induced IgE synthesis or Th2 differentiation [29-31] 

Studies have been conducted to examine if these two cytokines share a receptor or 
receptor subunits [2,18,32-34]. The EL4R is composed of two chains, the IL4Rc* 
chain and the common y chain (7 C ). The y c is shared with the receptors of many 

10 of the other 4-helix bundle cytokines such as IL2, IL4, IL7, IL9 and EL15 [35,36] . 

The IL4Ra chain alone forms a tight complex with its ligand, whereas the y c was 
thought to be mainly responsible for signal transduction. However, IL4- and EL-3- 
induced responses could be observed in cells which naturally do not express y c or 
in lymphocytes obtained from severe combined immunodeficiency (SCID) patients 

15 who are deficient for y c [34,37-39]. It has therefore been proposed that a second 

form of an IL4R exists which would be activated by both IL4 and EL13 (IL4R type 
II / IL13R; ref. 40). 

A cDNA encoding for a human IL-13 receptor a chain (IL-13 R a) has been 
20 cloned (Caput et al [42]). IL-13 R a has been shown to participate in the type II 

IL-4 receptor which also contains an IL-4 R o: chain. 

The present inventors have now cloned from a human tissue source a cDNA 
encoding a polypeptide capable of binding human IL-13 which has not previously 
25 been identified. This polypeptide has only 21% sequence identity with the 

polypeptide identified by Caput et al. Furthermore the expression pattern of 
mRNAs encoding the molecule identified by the present inventors is very different 
from that of the molecule identified by Caput et al. 
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According to one aspect of the present invention, there is provided a polypeptide 
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which is capable of binding human IL-13 and/or of binding human EL-4 in the 
presence of IL-4 R a; which: 

a) comprises the amino acid sequence shown in Figure 1; 
S b) has one or more amino acid substitutions, deletions or insertions relative 

to a polypeptide as defined in a) above; or 
c) is a fragment of a polypeptide as defined in a) or b) above which is at least 

ten amino acids long and which is preferably at least fifty amino acids 

long. 

10 

The term "polypeptide" is used herein in a broad sense to indicate that there are 
a plurality of peptide bonds present. It therefore includes within its scope 
substances which may sometimes -be referred to in the literature as peptides, 
polypeptides or proteins. 

15 

It can be determined by using techniques known in the art whether or not a 
particular polypeptide is capable of binding human IL-13. For example, by 
binding the polypeptide to radiolabeled or tagged forms of human IL-13 or by 
competitive inhibition of the binding of radiolabelled or tagged forms of human 
20 IL-13 to its natural receptor. The binding affinity of the polypeptide for human 

IL-13 is preferably less than 10 ^M, more preferably less than 1/iM (when 
determined at 37°C). 

Polypeptides within the scope of the present invention may be capable of binding 
25 human IL-4. This can also be determined by using techniques known to those 

skilled in the an. For example, by binding the polypeptide to radiolabelled or 
tagged forms of human IL-4 or by competitive inhibition of the binding of 
radiolabelled or tagged forms of human IL-4 to its natural receptor. The affinity 
of the polypeptide would be in the jiM. ideally nM range. 
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Preferred polypeptides of the present invention form a moiety when combined with 
the IL-4 R a chain which is capable of binding IL-4 and/or IL-13. This moiety 
is within the scope of the present invention and is preferably membrane bound. 
It may represent a new form of IL-4 receptor (referred to herein as IL-4 type II 
5 receptor) and be useful in studying the strucrure and function of said receptor. 

The polypeptides of the present invention which are capable of binding human 
IL-13 and/or human IL-4 are useful for a number of other purposes. 

10 For example, they can be used to bind human IL-4 or human IL-13 and thereby 

to act as inhibitors by interfering with the interaction between human EL- 13 or 
human IL-4 and their natural receptors. This is useful in medicine since it can be 
used in the treatment of diseases in which human IL-4 or human IL-13 are 
responsible (at least partially) for adverse effects in a patient. For example, 

15 polypeptides of the present invention could be used to inhibit IL-13 or IL-4 

induced IgE synthesis in B cells. This is useful in the treatment of diseases where 
IgE or Th2 differentiation plays a role - e.g. in the treatment of atopy, atopic 
dermatitis, allergies, rhinitis, eczema, asthma or AIDS. 

20 Polypeptides of the present invention may therefore be used in the treatment of a 

human or non-human animal. The treatment may be prophylactic or may be in 
respect of an existing condition. Examples of particular disorders which can be 
treated are discussed supra. 

25 Thus a polypeptide of the present invention may be used in the manufacture of a 

medicament for the treatment of one or more disorders. 

The medicament will usually be supplied as pan of a pharmaceutical composition, 
which may include a pharmaceutically acceptable carrier. This pharmaceutical 
3 0 composition will usually be sterile and can be in any suitable form, (depending 



upon the desired method of acinnnistering it to a patient). 



It may be provided in unit dosage form, will generally be provided in a sealed 
container, and can be provided as part of a kit. Such a kit is within the scope of 
the present invention. It would normally (although not necessarily) include 
instructions for use. It may include a plurality of said unit dosage forms. 

Pharmaceutical compositions within the scope of the present invention may be 
adapted for administration by any appropriate route, for example by the oral 
(including buccal or sublingual), rectal, nasal, topical (including buccal, sublingual 
or transdermal), vaginal or parenteral (including subcutaneous, intramuscular, 
intravenous or intradermal) route. Such a composition may be prepared by any 
method known in the art of pharmacy, for example by admixing the active 
ingredient with a carrier under sterile conditions. 

The pharmaceutical compositions may contain one or more of the following: 
preserving agents, solubilising agents, stabilising agents, wetting agents, 
emulsifiers, sweeteners, colourants, odourants. salts (substances of the present 
invention may themselves be provided in the form of a pharmaceutical* acceptable 
salt), buffers, coating agents or antioxidants. They may also contain 
therapeutically active agents in addition to the substance of the present invention. 

In addition to the medical uses, polypeptides of the present invention can be used 
in the production of diagnostic agents. For example they can be used in the 
production of antibodies which can in turn be used in the diagnosis of various 
disorders. Antibodies and their uses are discussed in greater detail below under 
the heading "Uses in raising or selecting antibodies". 

The polypeptides themselves may be used for diagnosis. For example they could 
be used to diagnose the presence of mutated forms of IL-4 or IL-13 which do not 



bind to their natural receptors. This could be done by providing polypeptides of 
the present invention which act like a natural receptor in binding to wild-type 
human EL-4 or human IL-13 but which will not bind to mutated forms of IL-4 or 
IL-13 which do not bind to the corresponding natural receptor. As a positive 
control, wild type IL-4 or EL-13 could be used. 

Polypeptides of the present invention can also be used in screening. (Substances 
identified as being useful for a given purpose by such screening are within the 
scope of the present invention when used or indicated as being useful for such a 
purpose.) 

For example, polypeptides capable of binding IL-4 or IL-13 can be used to screen 
for substances capable of inhibiting the action of human IL-4 or human IL-13 (e.g. 
by competitive or non-competitive binding to the respective natural receptor). 
Such substances agents are useful in the treatment of the diseases discussed supra. 

Alternatively, they can be used to screen for substances which act as agonists of 
human IL-4 or human IL-13. 

Polypeptides of the present invention which bind human IL-4 or human IL-13 are 
therefore useful in screening for substances which could be useful in treating 
cancer or inflammatory diseases (e.g. rheumatoid arthritis and inflammatory bowel 
disease), multiple sclerosis. Alzheimer's disease. Lupus erythromatosus, 
thyroiditis, diabetes, uveitis, dermatitis, psoriasis, urticaria, nephrotic syndrome, 
glomerulonephritis, inflammatory bowel disease, ulcerative colitis, Crohn's 
disease, Sjogren's syndrome, toxoplasmosis, listeriosis, leprosy, Lyme disease, 
tuberculosis, malaria, leichmaniasis. 



As will be appreciated by the skilled person, in some of the uses discussed above, 
polypeptides which can bind human IL-13 or human IL^t but which does not 



necessarily have other functional regions, other than the IL-13 or IL-4 binding 
region can be used. Such polypeptides are therefore within the scope of the 
present invention. 

5 Thus the polypeptides may be "soluble", i.e. in a form which enables them to be 

provided as extracellular polypeptides rather than membrane-bound polypeptides. 
Such polypeptides do not possess regions which would cause them to become 
anchored in a membrane. Thus they will generally not include hydrophobic 
domains which can give rise to the transmembrane regions in membrane-bound 
10 proteins. They will also generally not include regions which are normally located 

in the cytoplasm of a cell (e.g. regions involved in transmitting a cytoplasmic 
signal from a receptor following the binding of an interleukin to an extracellular 
part of that receptor - such regions- are referred to herein as "signal transmitting 
regions".) 

15 

For example, the extracellular region of the polypeptide having the sequence 
shown in Figure 1 could be used on-its own as a soluble polypeptide capable of 
binding human IL-13 or human nA Furthermore, one or more amino acid 
substitutions, insertions and/or deletions relative to said polypeptide could be made 

20 to provide other soluble polypeptides capable of binding human IL-13 or human 

IL-4. Indeed a skilled person could use protein binding studies to determine which 
pan of said polypeptide is involved in binding human IL-13 and/or human IL-4. 
This could be done by scanning, directed or deletion mutagenesis, crosslinking 
with the ligands followed by protease digestion and sequencing, X-ray 

25 crystallography of the cytokine-receptor complex, epitope mapping of blocking 

antibodies, phage display libraries. Parrs of the polypeptides having the sequence 
shown in Figure 1 which are not involved in binding could therefore be identified 
and could be omitted when producing other polypeptides within the scope of the 
present invention. 
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One or more amino acid substitutions, deletions and/or insertions relative to said 
sequences may therefore be made in order to produce other polypeptides which 
may be capable of binding IL-4 or IL-13. 

Soluble polypeptides of the present invention are likely to be especially useful in 
binding to IL-13 or DL-4 in a patient's circulatory system, thereby preventing 
bound IL-4 or IL-13 interacting with their receptors. Bound IL-4 or IL-13 could 
then be removed from a patient. For example immobilised antibodies having a 
high degree of specificity for the soluble polypeptides could be used. (It may 
however be possible to use membrane bound polypeptides for this and for the other 
purposes where soluble polypeptides are useful. For example liposomes 
comprising membrane bound polypeptides could be used. Like the polypeptides 
of the present invention they can flow with liquids and can therefore move through 
a patient's circulatory system. Such liposomes may even have advantages of their 
own - e.g. they can comprise a plurality of polypeptides of the present invention 
and can therefore be highly effective due to being "multivalent" for polypeptides 
of the present invention.) 

The soluble polypeptides of the present invention could be used in treating the 
diseases discussed above in which IL-4 or IL-13 are at least partially responsible 
for adverse effects in a patient (these diseases are discussed supra) since they can 
be easily introduced into a patient's circulatory system and bind to IL-4 or IL-13. 

They can also be used for screening purposes. 

In some circumstances however it may be preferred to use polypeptides of the 
present invention which include in addition to an IL-13 or IL-4 binding region at 
least a signal transmitting region (e.g. where it is desired to screen for substances), 
e.g. agonists, capable of producing an IL-13 or IL-4 mediated response). In these 
circumstances membrane bound polypeptides will usually be particularly preferred. 



It should be noted that the present invention is not limited to polypeptides which 
bind to IL-4 or IL-13 or to uses thereof. According to a further aspect of the 
present invention there is provided a polypeptide comprising a signal transmitting 
region (which can be involved in providing the intracellular signals in response to 
IL-4 or IL-13 binding to a receptor). Such a polypeptide can be used for screening 
purposes. 

For example, it could be used in screening for substances which might inhibit 
signalling via an IL-13 or IL-4 receptor in vivo by preventing the action of 
cytoplasmic signalling molecules, e.g. kinases, STATs, IRS-1 or ERS-2 (IRS-1 and 
IRS-2 are discussed by Sun et al in Nature 377: 173-177 (1995)). Alternatively it 
could be used to screen for substances which stimulate or improve such signalling 
in vivo. 

An example of a polypeptide which could be used in such a manner is the 
polypeptide comprising the 59 amino acid cytoplasmic sequence of the polypeptide 
given in Figure 1 (amino acids 368 to 427). Of course, one or more amino acid 
insertions, deletions or substitutions could be made relative to such a polypeptide 
to produce other polypeptides comprising a signal transmitting region. For 
example, a series of deletions could be made to identify the smallest pan of the 
polypeptide consisting of the 59 amino acid sequence discussed above which could 
be used in screening. Such a part would also be a polypeptide within the scope of 
the present invention. 

One or more amino acid substitutions and/or insertions could then be made to such 
a polypeptide to produce other polypeptides having a signal transmitting region. 
Such polypeptides would also be useful in screening. 

Whatever polypeptides with a signal transmitting region are used, they are 
preferably provided in phosphoryiated form. Desirably the tyrosine residues are 
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phosphorylated. This can be achieved by treating the polypeptide with kinases or 
expressing them in cells or bacteria expressing appropriate kinases. Alternatively 
phosphopeptides can be synthesized chemically. 

Whatever the nature of polypeptides of the present invention, they can be used in 
raising or selecting antibodies. The present invention therefore includes antibodies 
which bind to a polypeptide of the present invention. Preferred antibodies bind 
specifically to polypeptides of the present invention and can therefore be used to 
purify such polypeptides. 

The antibodies described in the foregoing paragraph are within the scope of the 
present invention. They may be monoclonal or polyclonal. 

Polyclonal antibodies can be raised by stimulating their production in a suitable 
animal host (e.g. a mouse, rat, guinea pig, rabbit, sheep, goat or monkey) when 
a polypeptide of the present invention is injected into the animal. If necessary an 
adjuvant may be administered together with the substance of the present invention. 
The antibodies can then be purified by virtue of their binding to a polypeptide of 
the present invention. 

Monoclonal antibodies can be produced from hybridomas. These can be formed 
by fusing myeloma cells and spleen cells which produce the desired antibody in 
order to form an immortal cell line. Thus the well known Kohler & Milstein 
technique (Nature 256 52-55 (1975)) or variations upon this technique can be used. 

Techniques for producing monoclonal and polyclonal antibodies which bind to a 
particular polypeptide are now well developed in the an. They are discussed in 
standard immunology textbooks, for example in Roitt et aL Immunology second 
edition (1989). Churchill Livingstone. London. 
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In addition to whole antibodies, the present invention includes derivatives thereof 
which are capable of binding to polypeptides of the present invention. (The 
sections of this application which refer to antibodies therefore apply mutatis 
mutandis to derivatives thereof, unless the context indicates otherwise.) 

Thus the present invention includes antibody fragments and synthetic constructs. 
Examples of antibody fragments and synthetic constructs are given by Dougall et 
al in Tibtech 12 372-379 (September 1994). 

Antibody fragments include inter alia Fab, F(ab') 2 and Fv fragments (these are 
discussed in Roitt et al [supra], for example). 

Fv fragments can be modified to produce a synthetic construct known as a single 
chain Fv (scFv) molecule. This includes a peptide linker covalently joining V h and 
V, regions which contribute to the stability of the molecule. 

Other synthetic constructs which can-be used include CDR peptides. These are 
synthetic peptides comprising antigen binding determinants. Peptide mimetics may 
also be used. These molecules are usually conformationally restricted organic 
rings which mimic the structure of a CDR loop and which include antigen- 
interactive side chains. 

Synthetic constructs include chimaeric molecules. Thus, for example, humanised 
(or primatised) antibodies or derivatives thereof are within the scope of the present 
invention. An example of a humanised antibody is an antibody having human 
framework regions, but rodent hypervariable regions. 

Synthetic constructs also include molecules comprising an additional moiety which 
provides the molecule with some desirable property in addition to antigen binding. 
For example the moiety may be a label (e.g. a fluorescent or radioactive label). 
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Alternatively, it may be a phannaceutically active agent. 



The antibodies or derivatives thereof of the present invention have a wide variety 
of uses. They can be used in purification and/or identification of polypeptides of 
the present invention. Thus they may be used in diagnosis. 

For example, they can be used to evaluate the level of expression of IL-13 and/or 
IL-4 receptors in a given sample or to evaluate the pattern of expression in 
different cells or tissues. Abnormal levels or patterns of expression may be 
indicative of a disorder. 

Such antibodies can be used to identify differences in IL-13 or IL^ receptors 
which arise due to allelic variation between individuals in a population. This is 
useful in the identification of particular allelic variants which are associated with 
a given disease. 

Antibodies against polypeptides of the present invention are also useful in 
identifying IL-13 or IL-4 receptors or parts thereof which have been shed from 
cells (as may occur in certain diseases) such as cancer, leukaemia, atopy, atopic 
dermatitis, allergies, rhinitis, eczema, asthma. AIDS, Lupus erythematosus, 
thyroiditis, diabetes, uveitis, dermatitis, psoriasis, urticaria, nephrotic syndrome, 
glomerulonephritis, inflammatory bowel disease, ulcerative colitis, Crohn's 
disease, Sjogren's syndrome, toxoplasmosis. 

Antibodies are also useful in purification of polypeptides of the present invention. 
Preferred antibodies therefore have a high degree of specificity for polypeptides 
of the present invention. 

The antibodies or derivatives thereof of the present invention can be provided in 
the form of a kit for screening for the polypeptides of the present invention. 
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Preferred polypeptides of the present invention 



From the foregoing discussions it will be appreciated that the present invention 
includes many polypeptides within its scope and that these polypeptides can be 
5 useful for a number of different purposes. Preferred polypeptides of the present 

invention are particularly useful for these purposes and can be identified as having 
substantial amino acid sequence identity with one or more of the following amino 
acid sequences: 

10 a) the complete amino acid sequence shown in Figure 1 (amino acids 1 to 

427), 

b) the cytoplasmic amino acid sequence shown in Figure 1 (amino acids 368 
to 427), 

15 

c) the extracellular amino acid sequence shown in Figure 1 (amino acids 27 
to 347). 

Such polypeptides may have at least 50% amino acid sequence identity with one 
20 of the above. More preferably the degree of sequence identity is at least 60% or 

at least 70%. Most preferably the degree of sequence identity is at least 80% (e.g. 
at least 90%, at least 95% or at least 99%). 

The degree of amino acid sequence identity can be calculated, for example, using 
25 a program such as "bestfit" (Smith and Waterman, Advances in Applied 

Mathematics, 482-489 (1981)) to find the best segment of similarity between any 
two sequences. The alignment is based on maximising the score achieved using 
a matrix of amino acid similarities, such as that described by Schwarz and Dayhof 
(1979) Atlas of Protein Sequence and Structure, Dayhof, M.O., Ed pp 353-358. 



3C 



- 14 - 

Where high degrees of sequence identity are present there may be relatively few 
differences in amino acid sequence. Thus for example there may be less than 20 
differences, less than 10 differences, or even only 1 amino acid difference. 

5 The skilled person is in a position to provide useful preferred polypeptides with 

substantial amino acid sequence identity to the sequences given above since the 
skilled person is aware that one or more amino acid substitutions, insertions and/or 
deletions can often be made relative to a given sequence without losing desired 
characteristics (e.g. the capability of binding to human IL-4 or human IL-13 and/or 
10 the possession of a signal transmitting region. 

The polypeptides of the present invention may be produced by techniques known 
to those skilled in the an. For example gene cloning techniques may be used to 
provide a nucleic acid sequence encoding such a polypeptide. By using an 
15 appropriate expression system (e.g. a eukaryotic, prokaryotic or cell free system) 

the polypeptide can then be produced. It can then be purified using standard 
purification techniques. 

Alternatively, chemical synthesis techniques may be used to produce polypeptides 
20 of the present invention. Such techniques generally utilise solid phase synthesis. 

Chemical synthesis techniques which allow polypeptides having particular 
sequences to be produced have now been automated. Machines capable of 
chemically synthesising polypeptides are available, for example, from Applied 
Biosy stems Ltd. 

25 

Various modifications which can be made to a specified polypeptide sequence will 
now be discussed. 

A polypeptide may consist of a particular amino acid sequence, or may have an 
3 0 additional N-terminal and/or an additional C-terminal amino acid sequence. 
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Additional N-terminal or C-terminai sequences may be provided for various 
reasons. Techniques for providing such additional sequences are well known in 
the an. These include using gene cloning techniques to ligate nucleic acid 
molecules encoding polypeptides or parts thereof, followed by expressing a 
5 polypeptide encoded by the nucleic acid molecule produced by ligation. 

Additional sequences may be provided in order to alter the characteristics of a 
particular polypeptide. This can be useful in improving expression or regulation 
of expression in particular expression systems. For example, an additional 
10 sequence may provide some protection against proteolytic cleavage. This has been 

done for the hormone Somatostatin by fusing it at its N-terminus to pan of the 0 
galactosidase enzyme (Itakwa et al., Science 198: 105-63 (1977)). 

Additional sequences can also be useful in altering the properties of a polypeptide 
15 to aid in identification or purification. 

For example, a polypeptide may be jinked to a moiety capable of being isolated 
by affinity chromatography. The moiety may be a pre-selected antigen or an 
epitope and the affinity column may comprise immobilised antibodies or 
20 immobilised antibody fragments which bind to said antigen or epitope (desirably 

with a high degree of specificity). The fusion protein can usually be eluted from 
the column by addition of an appropriate buffer. 

Additional N-terminal or C-terminal sequences may, however, be present simply 
25 as a result of a particular technique used to obtain a substance of the present 

invention and need not provide any particular advantageous characteristic. 

One or more substitutions, deletions and/or insertions may be made relative to a 
specified polypeptide (which itself may include heterologous N-terminal and/or 
3 0 C-terminah as discussed above). These are discussed below: 



- IS - 

(i) Substitutions 

The skilled person is aware that various amino acids have similar properties. One 
or more such amino acids of a polypeptide can often be substituted by one or more 
other such amino acids without eliminating a desired characteristic of that 
5 polypeptide. 

For example, the amino acids glycine, alanine, valine, leucine and isoleucine can 
often be substituted for one another (amino acids having aliphatic side chains). Of 
these possible substitutions it is preferred that glycine and alanine are used to 
10 substitute for one another (since they have relatively short side chains) and that 

valine, leucine and isoleucine are used to substitute for one another (since they 
have larger aliphatic side chains which are hydrophobic). 

Other amino acids which can often be substituted for one another include: 
15 phenylalanine, tyrosine and tryptophan (amino acids having aromatic side chains); 

lysine, arginine and histidine (amino acids having basic side chains); 
aspartate and glutamate (amino acids having acidic side chains); 
asparagine and glutamine (amino acids having amide side chains); 
and cysteine and methionine (amino acids having sulphur containing side chains). 

20 

Substitutions of this nature are often referred to as "conservative" or "semi- 
conservative" amino acid substitutions. 



(ii) Deletions 

2 5 Amino acid deletions can be advantageous since the overall length and the 

molecular weight of a polypeptide can be reduced whilst still retaining a desired 
characteristic. This can enable the amount of polypeptide required for a particular 
purpose to be reduced. For example if the polypeptide is to be used in medicine, 
dosage levels can be reduced by using such polypeptides. 
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(Hi) Insertions 

Amino acid insertions relative to a given polypeptide sequence can be made e.g. 
to assist in identification, purification or expression; as explained above in relation 
to fusion proteins. 

Polypeptides incorporating amino acid changes (whether substitutions, deletions or 
insertions) relative to the sequence of a polypeptide as defined in a) above can be 
provided using any suitable techniques. For example, a nucleic acid sequence 
incorporating a desired sequence change can be provided by site directed 
mutagenesis. This can then be used to allow the expression of a polypeptide 
having a corresponding change in its amino acid sequence. 

Nucleic Acid Molecules 

In addition to the polypeptides of the present invention and antibodies/antibody 
derivatives discussed above, the present invention also provides nucleic acid 
molecules. 

Such nucleic acid molecules: 

a) code for a polypeptide according to the present invention; or 

b) are complementary to molecules as defined in a) above; or 

c) hybridise to molecules as defined in a) or b) above. 

These nucleic acid molecules and their uses are discussed in greater detail below: 

The polypeptides of the present invention can be coded for by a large variety of 
nucleic acid molecules, taking into account the well known degeneracy of the 
genetic code. All of these molecules are within the scope of the present invention. 



They can be inserted into vectors and can be cloned to provide large amounts of 
DNA or RNA for further study. Suitable vectors may be introduced into host cells 
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to enable the expression of polypeptides of the present inventions using techniques 
known to the person skilled in the art. Alternatively, cell free expression systems 
may be used. 

Techniques for cloning, expressing and purifying polypeptides are well known to 
the skilled person. Various techniques are disclosed in standard text books such 
as in Sambrook et al {Molecular Cloning 2nd Edition, Cold Spring Harbor 
Laboratory Press (1989)]; in Old & Primrose [Principles of Gene Manipulation 5th 
Edition, Blackwell Scientific Publications (1994); and in Stryer [Biochemistry 4th 
Edition, W H Freeman and Company (1995)]. 

By using appropriate expression systems different forms of polypeptides of the 
present invention may be expressed. 

For example, the polypeptide may be provided in glycosylated or non-glycosylated 
form. Non-glycosylated forms can be produced by expression in prokaryotic 
hosts, such as E. coli, whereas glycosylated forms can be produced in eukaryotic 
hosts, such as S cerevisiae. 

Polypeptides comprising N-terminal methionine may be produced using certain 
expression systems, whilst in others the mature polypeptide will lack this residue. 

Polypeptides may initially be expressed to include signal sequences. Different 
signal sequences may be provided for different expression systems. Alternatively 
signal sequences may be absent. 

Polypeptides may be expressed with or without hydrophobic domains which can 
be used in anchoring polypeptides in a cell membrane. Where it is desired to 
produce soluble polypeptides, such hydrophobic domains will not be present. 
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In addition to nucleic acid molecules coding for substances according to the present 
invention (referred to herein as "coding" nucleic acid molecules), the present 
invention also includes nucleic acid molecules complementary thereto. Thus, for 
example, each strand of a double stranded nucleic acid molecule is included within 
the scope of the present invention in addition to the double stranded molecule 
itself. Also included are mRNA molecules and complementary DNA molecules 
(e.g. cDNA molecules). 

Nucleic acid molecules which can hybridise to any of the nucleic acid molecules 
discussed above are also covered by the present invention. Such nucleic acid 
molecules are referred to herein as "hybridising" nucleic acid molecules. 
Hybridising nucleic acid molecules can be useful as probes or primers, for 
example. 

Nucleic acid molecules may therefore be useful as in the analysis of allelic 
variation. One example of this is in the use of such molecules in identifying allelic 
variation in a region of a nucleic acid molecule encoding the signal peptide part 
of polypeptides according to the present invention. 

The signal peptide area contains a long polyglycine stretch. The mRNA segment 
encoding for this poly G stretch forms GC reach repeats. The present inventors 
have observed deletions in this area when the cDNA was subjected to multiple 
cycles of polymerization (PCR) and believe that this region could lead to instability 
which would be a source of allelic variation. Allelic variation in this area could 
affect the expression of the IL-13 receptor and be involved in pathologies 
associated with disregulation of the IgE synthesis or T helper cell differentiation 
in the TH1-TH2 phenotype. such as an allergy. (This sequence area is not present 
in the murine counterpart.) Probes or primers which are poly G and or G-C rich 
molecules (or which are polyA or C-G rich in the case of complementary strands) 
are therefore particularly useful. 



Desirably hybridising molecules of the present invention are at least 10 nucleotides 
in length and preferably are at least 25 or at least 50 nucleotides in length. The 
hybridising nucleic acid molecules may specifically hybridise to nucleic acids 
which code for a polypeptide of the present invention or which are complementary 
to nucleic acids molecules which code for a molecule of the present invention. 

Preferred hybridising molecules hybridise to such molecules under stringent 
hybridisation conditions. One example of stringent hybridisation conditions is 
where attempted hybridisation is carried out at a temperature of from about 35 °C 
to about 65 °C using a salt solution which is about 0.9 molar. However, the 
skilled person will be able to vary such parameters as appropriate in order to take 
into account variables such as probe length, base composition, type of ions present, 
etc. 

In addition to being used as probes, hybridising nucleic acid molecules of the 
present invention can be used as antisense molecules to alter the expression of 
substances of the present invention by binding to complementary nucleic acid 
molecules. This technique can be used in antisense therapy. Such molecules may 
also be used to produce ribozymes. Ribozymes can be used to regulate expression 
by binding to and cleaving RNA molecules which include particular target 
sequences. 

A hybridising nucleic acid molecule of the present invention may have a high 
degree of sequence identity along its length with a nucleic acid molecule which 
codes for a polypeptide of the present invention or which is complementary to a 
nucleic acid molecule which codes for a polypeptide of the present invention (e.g. 
at least 50%. at least 75% or at least 90% sequence identity). As will be 
appreciated by the skilled person, the higher the sequence identity a given single 
stranded nucleic acid molecule has with another nucleic acid molecule, the greater 
the likelihood that it will hybridise to a nucleic acid molecule which is 
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complementary to that other nucleic acid molecule under appropriate conditions. 



In view of the foregoing description the skilled person will appreciate that a large 
number of nucleic acids are within the scope of the present invention. 

Unless the context indicates otherwise, nucleic acid molecules of the present 
invention may have one or more of the following characteristics: 

1) they may be DNA or RNA; 

2) they may be single or double stranded; 

3) they may be provided in recombinant form i.e. covalently linked to a 5' 
and/or a 3' flanking sequence to provide a molecule which does not occur 
in nature; 

4) they may be provided without 5' and/or 3' flanking sequences which 
normally occur in nature; 

5) they may be provided in substantially pure form (thus they may be 
provided in a form which is substantially free from contaminating proteins 
and/or from other nucleic acids); 

6) they may be provided with introns (e.g. as a full length gene) or without 
introns (e.g. as cDNA). 
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The present invention will now be described, by way of example only, with 
reference to the accompanying drawings; wherein: 

Figure I shows the nucleotide sequence and deduced amino acid sequence 
of the insert of the cDNA clone 3.1. The putative signal and 
transmembrane region are indicated using bolt characters. The WSXWS 
motif is underlined. The GC rich region of the cDNA is underlined double 
(see Example 1). 

Figure 2 shows the Northern blot analysis of IL-13 R al and IL-13 R o2 
mRNA in human organ and tissues. Poly A + RNA blots were hybridized 
with cDNA probes for IL-13 R al, IL-13 R a2 or actin mRNA. The 
autoradiography exposure time: IL-13 R al. 18 h; IL-13 R a2, 7 days; 
actin. 3h (see Example 2). 

Figure 3 shows the Northern blot analysis of IL-13 R al and IL-13 R o2 
mRNA in primary human cells and cell lines (panel A), B cells and cell 
lines (panel B) and T cells and T cell clones (panel C). Total RNA (poly 
A + when specified in the figure) was isolated from the indicated cells. 
The Northern blot assay was performed with 2 M g RNA aliquots except for 
RNA isolated from peripheral T cell for which 1 ^g aliquots were used. 
Peripheral T cells and JY were subjected to the indicated stimulation before 
RNA isolation. The membranes were stained with methylene blue (lower 
panel) and hybridized with the cDNA probes for IL-13 R al or 
IL-13 Ra2. Autoradiography exposure time: IL-13 R al, 24h; 
IL-13 R a2, 7 days (see Examples 3, 4, 5). 

Figure 4 shows radioligand affinity cross-linking of IL4 and IL13 to IL4Ra 
and IL13Ral transfectants. COS7 cells transiently transfected either with 
the cDNA of the human IL4Ra (A), the human IL13 Ral (B) or both (C) 
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were detached and labeled with 0.5 nmol/L of [ 125 I]IL4 or 3 nmol/L of 
[ 125 I]IL13 as indicated. Displacement of the radioiodinated ligand was 
performed with a 1000 fold excess of unlabeled cytokine or with buffer (-) 
before cross-linking was performed using 2.5 mmol/L disuccinimidyl 
suberate. The lysates were analyzed under reducing conditions on a 
gradient (3-10%) SDS-PAGE, and exposed to X-ray films for 1-3 days. Net 
molecular masses of the receptors (R) were calculated by subtracting 19 
kDa for bound ILA or 15 kDa for bound IL13 (see Example 6). 

Figure 5 shows binding of radiolabeled EL4 and IL13 to IL4Ra and 
EL13Ral transfectants. Receptor binding analysis of radiolabeled IL4 ( A ) 
and IL13 (•) was performed with COS7 cells transiently transfected with 
(A) the cDNA of either the human IL4Ra (full line), the IL13Ral (dashed 
line) or (B) cotransfected with both cDNAs. Data were analyzed with the 
computerized weighted least-square curve fitting software described by [7] 
(see Example 7). 
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The examples are provided below and are followed by a "Materials and Methods 
section which explains some of the techniques used in greater detail. 



Example 1 

Cloning of a human IL-13 R chain. To obtain a probe we searched the Gene Bank 
expressed sequence tag (EST) data base with the sequence of the extracellular 
protein domain of a known murine IL-13 receptor (IL-13 R) chain. (The cloning 
of said chain is disclosed in Hilton et al, PNAS 93:497 (1996)). The sequence of 
two ESTs (H57074 and H89334) with reading frames which encode peptides with 
a high degree of sequence identity to the murine IL-13 R chain were used to design 
PCR oligonucleotide primers. These primers were used to amplify a segment of 
the human IL-13 R cDNA from activated tonsilar B cell cDNA (see Materials and 
Methods). This human IL-13 R cDNA fragment was used to screen a XgtlO 
library of activated tonsilar B cell cDNA and to clone a human IL-13 R cDNA. 
Sequencing of the largest cDNA insert obtained from the screening revealed a 
4 Kb mRNA sequence with an open reading frame encoding for a 427 amino acid 
polypeptide (fig. 1). The deduced polypeptide includes two hydrophobic regions 
likely to represent a signal peptide and a transmembrane domain. The 
transmembrane domain is followed by a 59 amino acid cytoplasmic region. 
Interestingly this region contains a YXXQ sequence motif which has been 
identified as a consensus for STAT binding (ref. 56). The extracellular domain 
includes the four cystein residues and WSXWS motif conserved among the type-I 
cytokine receptor superfamily (ref. 43). 

The deduced polypeptide sequence of human IL-13 R has 26% sequence identity 
to the IL-5 receptor a chain and has 27% sequence identity to the human IL-13 
receptor recently cloned from the human Caki-1 cell line by Caput et al (J. Biol. 
Chem. 271: 16921 (1996)) which is referred to as IL-13 R a2 herein. The human 
IL-13 receptor cloned by the present inventors is referred to herein as IL-13 R al 
since it is believed to be a different a. chain than the a chain cloned from the 



human Caki-1 cell line. 



Example 2 

IL-I3 R al chain mRNA is expressed in a large panel of organs. We studied the 
steady state level of IL-13 R al chain mRNA in human organs by Northern blot 
assay using commercially available Poly A + RNA blots (fig. 2). Two major 
classes of mRNA were hybridizing with the IL-13 R al cDNA probe; a band of 
4.2 Kb and a doublet around 2 Kb. The apparent molecular weight of the largest 
RNA species is close to the size of the cloned cDNA. In the Northern blot assays, 
we used a short segment of the open reading frame of the cloned cDNA which 
should be conserved in any RNA encoding for the IL-13 R al receptor. 

The Northern blot assay hybridization signal for the small molecular weight RNA 
species was nevertheless much lower than the one obtained for the 4.2 Kb mRNA. 
This suggests that the 4.2 Kb mRNA represents the predominant species (fig. 2). 

The IL-13 R al mRNA steady state jevels were highest in liver. It was low in 
brain and kidney (fig. 2). When studied in lymphoid organs and peripheral blood 
leukocytes, the highest expression was in the spleen, lymph nodes, appendix and 
PBL and the lowest in bone marrow and thymus. This indicates that the level of 
the mRNA encoding the IL-13 R al chain is higher in organs containing a larger 
fraction of mature lymphocytes, with the exception of the liver in which expression 
was high in both adult and fetal poly A + RNA. 

Expression of the mRNA coding for IL-13 R al. was studied by using a cDNA 
probe corresponding to the entire open reading frame described by Caput et al 
(ref. 42). The signal in Northern blot was much lower than that for IL-13 R al. 
However, the expression of a 1.7 Kb IL-13 R a2 mRNA could be detected in the 
poly A + RNA from all organs tested. The highest steady state levels were 
detected in placenta and liver. Among the lymphoid organs and peripheral blood 
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leukocytes, the IL-13 R a2 chain mRNA level was the highest in thymus, bone 
marrow and fetal liver. For comparison, the same blots were rehybridized with 
a control actin probe (fig. 2). 

5 In comparison, the transcript expression pattern of the IL-13 R al and a2 reveals 

a differential expression pattern in the studied organs with strong differences in 
thymus, bone marrow (primary lymphoid organs), brain and kidney. 

Example 3 

10 

The expression of IL-13 R al mRNA can be deteaed in a variety of primary cells 
and cell lines. We compared the steady state levels of the IL-13 R al chain in 
total RNA isolated from a panel of ceils and ceil lines by Northern blot. 
Interestingly, this mRNA was detectable in HUVEC cells, synovial cells, 

15 chondrocytes, the monocytic cell line THP-1, the immunoglobulin secreting 

lymphoblast cell line IM-9, the immature mast cell line HMC-1 and the 
eosinophilic cell line Eoi-3 (fig. 3 A). No signal could be detected with Northern 
blot in total RNA isolated from the adenovirus transformed human embryonic 
kidney cell line 293, the Burkitt lymphoma cell lines Jijoye and Daudi and the B 

20 cell line HFB-L When identical parallel Northern blots were hybridised with an 

IL-13 R al cRNA probe, a signal was detected in RNA isolated from synovial 
cells, chondrocytes and the immature mast cell line HMC-1. 

Example 4 

25 IL-13 receptor al chain is expressed by B cells. The IL-13 R al cDNA was 

cloned from a tonsilar B cells library using a probe obtained by RT-PCR from 
RNA isolated from the same cells. Expression in B cells was therefore expected. 
A hybridization signal could be detected in a Northern blot assay using a cRNA 
probe on total B cell RNA (fig. 3B). 
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We observed in previous studies that JY is a B cell line in which easily detectable 
germline e transcript synthesis can be induced by either IL-4 or IL-13 (ref. 57 and 
fig. 3B). We examined if this capacity to respond to both IL-4 and IL-13 was 
paralleled by the expression of the IL-13 R al mRNA. As shown in fig. 3B. 
5 IL-13 R al mRNA was indeed detectable by Northern blot in this cell line 

(fig. 3B). It was not affected by the stimulation conditions used to induce germline 
e transcript synthesis (fig. 3B). 

EBV transformed B cell line from SCID patients deficient for y c or JAK-3 were 
10 used to study the role of this IL-4 receptor type I chain and the kinase associated 

to it in the induction of germline e response by IL-4 and IL-13 (ref. 39; Gauchat 
et al, manuscript submitted for publication). Results indicated that a JAK-3 and 
7 C independent response to IL-4 could be observed and that these two proteins 
were unlikely to be involved in the induction by IL-13 of a germline e transcripts 
15 response. A simple interpretation from these data was that the response observed 

in the SCID patient cell lines is involving an IL-4 type H/IL-13 receptor which 
would not comprise y c and would not signal through JAK-3. We therefore used 
Northern blot assays to study if IL-lJ R al chain expression could be detected in 
the SCID patient B cell lines. As shown in fig. 3B. IL-13 R al chain mRNA was 
20 detectable in the EBV transformed cell from the SCID patients tested, VA (y c 

deficient) and CM (JAK-3 deficient). 

The IL-13 R a2 cDNA probe was also obtained from tonsilar B cell cDNA, 
indicating that this mRNA is expressed in these cells. The signal observed was 
25 however at the limit of detection of the Northern blot assay, even when this assay 

was performed using a high specific activity riboprobe (fig. 3B). No signal could 
be detected in the JY B cell line or in the cell lines from the SCID patients VA or 
CM (fig. 3B) or B cell lines from normal donors (data not shown). 
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Example 5 

IL-13 receptor al chain mRNA is expressed in T cells. Whereas initial studies 
on IL-13 indicated that T cells were not responding to this cytokine (ref. 2), recent 
studies in mouse have shown that IL-13 could induce a Th2 T cell differentiation 
(ref. 14). We therefore studied IL-13 R al and a2 mRNA expression in T cells 
(fig. 3C). The IL-13 R al mRNA could clearly be detected in the CD4 + T cell 
clones JF7 and MAB PHA .3.6. This observation was not restricted to T ceil 
clones but could be extended to peripheral blood T cells (fig. 3C). In the 
peripheral T cells we failed to observe up-regulation of the IL-13 R al mRNA 
level in response to mitogenic stimulation. This included stimulation by 
immobilized anti-CD3 alone or used in conjunction with phorbol esters or anti- 
CD28 for 4 h (data not shown) or 16 h (fig. 3C) and by Ionomycin and phorbol 
esters or the lectin concanavaiin A (data not shown). When identical parallel blots 
were subjected to hybridization with the IL-13 R o2 cRNA probe, no signal could 
be detected, even with poly A* RNA isolated from the T cell clones (fig. 3C and 
data not shown). 

Example 6 

Cross-competition between IL4 and IL13 for the heterologous IL4/IL13R complex. 
The cDNAs of human IL13Ral and I-4Ra were transiently transfected in COS7 
cells either individually or together in order to characterize the cloned human 
IL13Ral alone or in the context of a coexpressed IL14Ra chain. Expression of 
both cDNAs led to functional expression of IL4 and IL13Ral (Fig. 4A). 
Radioligand cross-linking of iodinated IL4 to COS! cells expressing the IL4Ra 
chain showed binding to a 130 kDa protein (Fig. 4B). This binding was competed 
by cold IL4 but not by IL13. Cross-linking of iodinated IL13 to COS7 cells 
expressing the cloned IL13Ral chain resulted in binding of IL13 to a protein 
migrating as a double band at 65-75 kDa. Iodinated IL13 was displaced by an 
excess of unlabeled IL13 but not by IL-4 at the same concentration. Untransfected 
COS7 cells expressed very low levels of IL4R and IL13R (data not shown). 



Coexpression of both receptors in COS7 cells generated a receptor complex which 
supported cross-competition of [ l25 H IL13 by 1000 fold excess cold IL13 and UA 
from both receptors (Fig. 4B). In the case of [ ,2S H IL4. excess cold 1L+ displaced 
labeled IL4 from both receptors. In contrast, excess cold 0.13 could displace 
labeled IL4 from the IL13Ral receptor but only to a very limited degree from the 
IL4Ra chain. 



Example 7 

HI3 binding studies. To address the issue of whether the IL13Ral confers similar 
binding properties as reported for its mouse homologue. COST cells were 
transiently transfected with a plasmid containing the IL13Ral cDNA. In 
radioligand binding assays. IL13 bound with low affinity (KD = 1.4 ± 0.4 nM. 
Table 1) . Similarly. COS7 cells transfected with IL4Ra bound IL4 with a KD 
equal to 0.9 ± 0.4 nM. In co-transfection experiments with IL4Ra and IL13Rotl. 
a limited number of high affinity receptors for IL4 (KD =32 ± 14 pM: 300± 100 
receptors/cem and IL13 (KD = 50 ± 20 pM: 500 ±200 receptors, ceil) were 
observed. The majority of IL4 and IL13 bound with low affinity to the co- 
transtected cells expressing 15.000 ± 3^000 IL4R.cell with an affinity of 2 - 3 nM 
and 45.400 ± 15.500 IL-l3R/cell with a KD of 2 - 6 nM. 



Table I. Binding parameters of IL-4 and IL-13 to transfected COST ceils. 



Transfection 


Ligand 


KD (pM) 


Bmax 


R/cell 


IL13Ra1 


IL13 


1,430 ±360 


5.8 10"' 1 


3,620 ±1.010 


IL4Ra1 


IL4 


870 ± 430 


9.4 10' 11 


6,100 ±4,700 


IL13Ra1 + 
IL4Ra1 


IL4 


2,460 ± 640 
31 .5 ±14.2 


2.6 10- 10 
3.9 10' 12 


15,180 ±2,530 
240 ± 108 


IL13Ra1 + 
IL13Ra1 


IL13 


6,290 ± 3,020 
45.9 ± 22.5 


7.3 10" 10 

7.4 10" 12 


45,450 ±15,450 
460 ± 220 



Binding study results are illustrated in Figure 5. 



Discussion: 



The signal peptide area of IL-13 R al contains a long poly glycine stretch. The 
mRNA segment encoding for this poly G stretch forms GC reach repeats. We 
observed deletions in this area when the cDNA was subjected to multiple cycles 
of polymerization (PCR). Observations suggest that the GC repeats might lead to 
allelic variations. Variations in this region of the protein might therefore result in 
changes of receptor surface expression related to allergy or atopy. 

IL-13 R al cDNA encodes a protein binding IL-13 when transiendy transfected 
in the monkey kidney cell lines Cos. When expressed in conjunction with 
IL-4 R a chain, it forms a receptor for both IL-4 and IL-13 indicating that it could 
be implicated in the type 0 IL-4ieceptor (ref. 40). Consistent with previous 
reports indicating that this type II IL-4/IL-13 receptor is y c independent, the IL-13 
R al chain did not form an IL-4 receptor when expressed in conjunction with 7c 
in transiendy transfected cells. We tested if IL-13 R a could bind IL-5. We 
observed no IL-5 binding to IL-13_R al when it was expressed alone or in 
conjunction with IL-5 R 0 in Cos transfectants. 

We have compared the expression of the mRNA encoding IL-13 R al and a2 in 
RNA purified from organs, leukocytes and cell lines using Northern blot assay. 
Expression of the IL-13 R al and al where both ubiquitous indicating that they 
are expressed by cells present in all organs tested. The variation in the steady 
state levels of the two mRNAs were not parallel. This suggests that the two 
receptor mRNA steady state levels are not coregulated and that the two receptors 
might have different functions. Among the organs of the immune system tested, 
the expression of the IL-13 R al was high in the organ with large proportion of 
mature leukocytes and lower in the organs in which selection and differentiation 
of immature lymphocytes predominate. 
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When the study was extended to primary and transformed cells, the IL-13 Rod 
mRNA was detected in B cells, T cells, transformed endothelial cells as well as 
monocytic, eosinophilic and immature mast cells lines. The pattern of expression 
observed is therefore compatible with a role of IL-13 Rod as a receptor mediating 
5 the effects of IL-13 which have been described on B, T and endothelial cells [6, 

14, 16-18] . The mRNA encoding EL-13 Ra2 chain could only be detected in 
purified tonsillar B cells, in chondrocytes, synovial ceils and the immature mast 
cell line HMC-1 , indicating a more restricted pattern of expression or lower steady 
state levels which would prevent the detection using Northern blot assay even the 
10 sensitivity obtained with very high specific activity cRNA probes. 

The mRNA encoding IL-13 R cd was also detected in B cell lines from y c 
deficient SCID patients in which a type I EL-4 receptor independent IL-4 and IL-13 
response can be detected. No signal for EL-13 R al mRNA was observed. This 
15 data is therefore compatible with IL-13 R al acting for a receptor subunit involved 

in a type II IL-4/IL-13 receptor transducing IL-4 and IL-13 signalling in the 
absence of y c in B cells (ref. 40). 
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MATERIALS AND METHODS 
Cells and Tissue Cultures. The mast ceil line HMC-l was from Dr. 

Butrerfieid (Rochester. MN) and was maintained in Dulbeco's modified 
5 Eagle s medium and Ham's F-12 nutrient solution. The source and culture 

conditions of me ceil lines EOL-3, HFB-l, JY and me human T ceil clones JF7 
and MAJB. PHA 3.6 have been described previously (44-46). The EBV 
formed B cell lines from the JAK-3 deficient SOD patient CM (47) and 7c 
deficient X-SCID patient VA were obtained from Dr. L. D. Notaraugeio 
(University of Brescia. Italy) and maintained in RPMI 1640 supplemented with 
10ft fetal calf serum. The ceil lines COS7, HEK-293. RPMM226. Jijoye. 
15 Daudi and IM-9. were obtained from American Type Caiture Collection 

(Rockville. MD) and cultured according to their specification. Tonsiiar B ceils 
were isolated from tonsiiar mononuclear cells by depleting the T ceils by 
2Q rosetting with sheep red blood ceils. The purified B cell preparation used were 
more that 98% CD20*. Peripheral blood T cells were purified from heaithy 
subject peripheral blood mononuclear ceils by rosetting. The preparations used 
contained more than 95% CD3~ cells. T ceils were cultured in RPMI 1640 
25 medium supplemented with 10% heat-inactivated AB~ human serum (CTS. 
Annemasse. France) and stimulated with 10 ug/mi immobilized anti-CD3 
(Immunotech. Marseille. France) alone or in combination with 10 ug/ml 
3 0 immobilized anti-CD2S (Immunotech) or phorbol myristate acetate ( 10 nM). 
Human umbilical vein endothelial cells were harvested and expanded as 
described (18). 
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Cloning of human IL-13 R oil chain cDNA: 



The Gene Bank EST data base was searched using the murine 0.-13 R a 
extrncytoplasntic domain pro.=in sequence as query. Two EST win, open 
reading frames with high degrees of amino acid idendry were identified (EST 
H57074 and H89334). The EST sequence was used to design the PCR primers 
CTGAGCTAC^TGAAGTGTTCTTGGCTCCCT and 
CAGAGTTTGTCATCCTCATAGCATAACTTA and the probe 
AATACCACTCCCGACACTAACTATACTCTC 

Poly A+ RNA was isolated from tonsillar B cell incubated for 5 days in 
the presence of dL4 (200 U/ml) and ami-CD40 mAb (1 mM> using the 
g^oium tbiocyanate-CsTFA procedure (ref. 48) followed by two cycles of oligo 
(cellulose chromatography. Oligo dT primed cDNA was synced using 
Superscript a reverse transcnptase .Life Technoiogres AG. Base!. Swtizertand) 
according to the instructions of the supplier and used as template for the PCR 
reactions performed with AmpUTaq polymerase .Peridn Elmer. Rodoeuz. 
Swi.er.and). The amplification product which hybridized with the radiolabelled 

BV. Leek. The Metherland) and anaiised by DNA seqencing. Double stranded 
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cDNA was synthesized according co the instrucrions of the reverse transcriptase 
supplier, ligated to tVod-EcoRl adaptors ( Pharmacia LKB Biotechnology, 
Uppsala. Sweden), size selected by chromarography on Sephacry S 400 spun 
coilumn (Pharmacia LKB) and cloned in die EcoR I site of XgtlO. One million 
clones of the amplified cDNA library (library size: 1.4 xlO 6 independent 
cDNAs)"were screened using the human EL- 13 Ral chain cDNA fragment 
isolated from the pCRII vector and labelled with 32 P by random hexamer 
priming (ref. 49). 15 independent clones were isolated by multiple screening cycles. 
The cDNA of the three largest inserts were recioned in pBluescript II SK 
(Stratagene GMBH. Zurich. Switzerland"). The largest cDNA (named 2.1) was 
fully sequenced. For this purpose. pBluescript 3.1 was digested with the 
restriction enzymes Apal and EcoKl and deletion mutants were obtained using 
and Exo-Mung deletion kit ( Stratagene). The 3.1 cDNA and 31 deletion 
mutants were sequenced using an ABI sequencer t Per xin- Elmer). The 
sequencing dam were then assembled into a single continuous sequence. The 
sequencing of the second strand and the editing of the first strand sequence 
were performed using oligonucleotide primers. 

Subcloning of the human CL-13 receptor ai. IL-4 R a and y c cDNA in the 
expression vector pCDLSRa 296: A segment of cDNA 3.1 containing the 
openreading frame was isolated from the vector pBluescript II SK with the 
restriction enzymes Notl and Xbal. Restriction the cDNA fragment was made 
blunt end using T4 polymerase and recioned between the Pst I and Kpn 



restriction sites of the expression vector P CDLSRo296 (ref . 50) rendered blunt end 
using the same DNA polymerase. "Hie IL^Ra cDNA was isolated from 
P BSKS-hIL-4R (ref. 51. kind gift of Dr. J.-P- Galizzi, Schering-Plough 
Immunology Laboratory, Dardilly, France) using the restricdon enzymes EcoRV 
and Ncol. The insert was rendered blunt end and recloned in pCDLSRa 296 as 
described for the IL-13 R al cDNA. The 7c cDNA was exised from the plasmid 
pEL-2R272 using the restricdon enzyme Xba I (ref. 52, kind gift of Dr. H. Asao. 
Tohoku University School of Medicine, Sendai, Japan) rendered blunt end and 
recloned in pCDLSRa 296 as described for the IL-13 al chain cDNA. 
Detection of the IL-13 receptor al and al chain mRNA by Northern blot 

assay: 

We used either cDNA or cRNA probes for the decrecdon of IL-13 receptor al 
and a2 chain mRNA. IL-13 receptor al chain [*P]-labeiled cDNA pobes were 
obtained by labelling the Xmnl-Sad restricdon fragment of the cDNA by 
random hexamer priming (ref. 49). To produce a cRNA probe specific for IL-13 
receptor al chain the same fragment was recloned in the EcoRV site of 
pBluescript H SK and used for the transcripdon of a ^-labelled probe (ref. 53). T 
produce probes specific for the IL-13 receptor o2 chain, the cDNA was 
amplified by PCR from the tonsilar B ceil cDNA used previously for the 
cloning of the al chain cDNA, using the primers 
GGAGAAATGGCTTTCGTTTGCrTGGCTATC and 
TACCATGTCTCTTGATATGGAAAGTCTTCA. The cDNA was cloned in 
the pCRH vector. cDNA probes were labelled with TP] by random hexamer 
priming (ref. 49). cRNA probes labelled with [*P] were generated by transcribing 
region in 3' of the cDNA insert £coRV restricdon sue (ref. 53). 
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Total RNA was isolated either by the guanidium thiocyanate-CsCl procedure (ref. 
48) or using TRIzol (Life technologies) according to the instructions of the 
manufacturer. For some experiments, Poly A + RNA was isolated by one cycle 
of oligo (dT)-celluiose chromatography. 

The Human Immune System Multiple Tissue Northern blot and the Human 
Multiple Tissue Northern blot (Clomecb) where hybridized with the IL-3R ctl 
or o2 and with actin cDNA (ref. 54) probes in ExpressHyb Hybridization Solution 
( Clomech) according to the instruction of the Northern blot manufacturer. For 
the other Northern blot assays, aliquocs of RNA were subjected to 
electrophoresis in 1% agarose. 6% formaldehyde gels, electrotransferred to 
Nylon-i- membranes and fixed by UV irradiation (ref. 55). Hybridization with cRNA 
probes and washing conditions were the same as described previously (ref. 55). The 
wash cycles included a digestion with ribonuclease A. which prevents 
rehybndisation of the RNA blocs with a control probe. Therefore, membranes 
were stained with methylene biue to localize and quantify rRNA before 
hybridization. 

Transfection of Cps cells with the IL-13 receptor. IL-4 receptor and y e 
cDNA: 

To transfecc construct with the cDNA or empty vector in Cos ceils cells were 
eiectroporated in 20 mM HEPES pH 7.4. 150 mM NaCI with aiiouots of DNA 



(25 Mg). Electroporation condition were; 260V, 960/iF and oo resistance. 
Binding studies were performed 48 h after transfection. 

Affinity cross-Jinking of [ l25 I]IL-4 and [^IJIL-U to their cognate 

receptors. Iodination of recombinant IL-4 and IL-13 was performed as recently 

described (18). Transfected COS7 ceils were detached by incubating ceils in 

phosphate-buffered saline (PBS) containing 1 raM EDTA and resuspended in 

MEM Apha medium ( Life Technologies) containing 1% bovine serum albumin 

(BSA). Aliquots of 200 ill containing 2xl0 6 ceils were incubated on ice with 

0.5 nM [ l25 I]IL-4 or 3 ruM[ 125 I]IL-13. For- competition, excess uniabelled ligand 

( 1 mM) was added 20 min prior to the iodinated cytokines. The cross-linking 

procedure was performed as described (18) and samples were anal yzed by 

SDS -poly aery Iamide gel electrophoresis under reducing conditions using 

(w/v) poiyacrylamide gels. Autoradiography was performed at -70°C , exposing 

X-ray Hyperfilms ( Amersham International) for 3 days. 

Ligand binding studies. Cells were harvested as described above and 

used in binding assays as described earlier (18). Receptor binding data were 

determined by displacing iodinated ligand by either cold IL-4 or IL-13 and 

analyzing the obtained data with... 
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